This report describes the magnetic resonance imaging (MRI) findings in two patients fulfilling the diagnostic criteria for human growth hormone Creutzfeldt-Jakob disease, who initially had pronounced bilateral DWI/FLAIR (diffusion weighted imaging/fluid attenuated inversion recovery) hyperintensities in the basal ganglia, with decreased apparent diffusion coefficient (ADC) values (range, 58-82% of normal). MRI spectroscopy, obtained in one case, showed decreased N-acetyl aspartate/creatine (NAA/Cr) ratio in the atrophic vermis (0.79; normal: mean, 1.20; SD, 0.13), despite the lack of DWI/FLAIR signal changes, whereas NAA/Cr was normal in the putamina (1.6; normal: mean, 1.56; SD, 0.17), despite striking DWI signal changes and decreased ADC values (60% of normal). Serial DWI, obtained in the other case, showed a progressive disappearance of DWI hypersignal of the basal ganglia replaced by pronounced atrophy. Data from these two patients suggest that restricted diffusion associated with a normal NAA value might indicate spongiform changes of still viable cells, and that any subsequent regression of the DWI signal changes, atrophy, or decreased NAA values could be related to progressive neuronal death. C reutzfeldt-Jakob disease (CJD) is difficult to diagnose and image by conventional methods. In the past few years, diffusion weighted imaging (DWI) has been proposed as a useful tool for the early diagnosis of both sporadic and new variant forms of CJD, by demonstrating signal changes in the cortex and the basal ganglia. [1] [2] [3] [4] [5] [6] Recently, these changes were also seen in two patients with probable iatrogenic CJD, following corneal transplant 7 and human growth hormone treatment.
C reutzfeldt-Jakob disease (CJD) is difficult to diagnose and image by conventional methods. In the past few years, diffusion weighted imaging (DWI) has been proposed as a useful tool for the early diagnosis of both sporadic and new variant forms of CJD, by demonstrating signal changes in the cortex and the basal ganglia. [1] [2] [3] [4] [5] [6] Recently, these changes were also seen in two patients with probable iatrogenic CJD, following corneal transplant 7 and human growth hormone treatment. 8 Magnetic resonance imaging (MRI) spectroscopy is a non-invasive method of probing brain metabolites in vivo. Although brain metabolite disorders have already been reported in CJD using MRI spectroscopy, [9] [10] [11] their importance and extent are still speculative. We report two patients who met the World Health Organisation criteria for iatrogenic CJD, 12 and who were imaged with DWI and spectroscopy in one case and serial DWI in the other case, and discuss the imaging results in light of the known iatrogenic CJD data.
CASE 1
A 31 year old man initially developed gait unsteadiness, diplopia, and asthenia, which gradually worsened over a period of six months. Because of concentration difficulties the patient was unable to carry on working. On admission, he was slightly dysarthric, with a pronounced cerebellar syndrome including dizziness and ataxic gait. Ophthalmoplegia was not present and there were no pyramidal or extrapyramidal signs. The Mini Mental State examination was 29 of 30. The patient's medical history was unremarkable, except for serial injections of human growth hormone (hGH) between the ages of 15 and 17 years (from 1985 to 1987) for short stature. The electroencephalogram (EEG) was normal without periodic sharp wave complexes. The cerebrospinal fluid (CSF) was normal except for the detection of 14-3-3 protein by western blot analysis. Genotyping of the human prion protein (PRNP) gene revealed methionine/ valine heterozygosity at codon 129.
Brain magnetic resonance imaging (MRI) was performed on a 1.5-T MRI unit (GE Signa Horizon Echospeed), including T1 and T2 weighted pulse sequences, a fluid attenuated inversion recovery (FLAIR) sequence, a DWI sequence (b = 1000 s/mm 2 ), and a four single voxel spin echo MRI spectroscopic acquisition (PRESS; TR = 1500 ms, TE = 135 ms). For spectroscopy, voxels, ranging from 6 to 8 cm 3 , were positioned in the thalami, the right lenticular nucleus, the parieto-occipital grey matter, and the vermis. Bilateral and symmetrical hyperintensities involving the caudate nuclei and the putamen were seen on FLAIR and T2 weighted images, without signal changes on T1 weighted images. Hyperintensities in the putamen and the caudate nuclei were more obvious on DWI, which also revealed bilateral hyperintensities in the thalami. The apparent diffusion coefficient (ADC) was very much decreased in the caudate nuclei and the putamen, and moderately decreased in the thalami (table 1; fig 1) . The vermis was morphologically atrophic, with no signal changes on FLAIR or DWI, although ADC values in the vermis were slightly increased. As detailed in table 1, MRI spectroscopy showed a decreased N-acetylaspartate/creatine (NAA/Cr) ratio in the vermis. Conversely, MRI spectroscopy failed to detect decreases in NAA/Cr ratio in the areas with striking signal changes-that is, the putamina. The NAA/Cr ratio was at the lowest limit of normal values in the thalami. Choline/Cr ratios were within the range of normal values in the different areas.
CASE 2
A 31 year old man was admitted to hospital with an eight month history of progressive asthenia associated with major cerebellar signs, myoclonia, and memory impairment. His medical history was unremarkable except for serial injections of hGH between the ages of 14 and 15 years (from 1983 to 1984) for short stature. EEG showed diffuse aperiodic slow waves. The CSF was normal except for the detection of 14-3-3 protein. Genotyping of the PRNP gene revealed methionine/ valine heterozygosity at codon 129.
Abbreviations: ADC, apparent diffusion coefficient; CJD, CreutzfeldtJakob disease; Cr, creatine; CSF, cerebrospinal fluid; DWI, diffusion weighted imaging; EEG, electroencephalogram; FLAIR, fluid attenuated inversion recovery; hGH, human growth hormone; MRI, magnetic resonance imaging; NAA, N-acetyl aspartate; PRNP, human prion protein gene On MRI, the vermis was slightly atrophic with no signal changes. A pronounced signal increase was seen bilaterally and symmetrically in the striatum, the thalami, and in the cortex of the frontal lobes on T2, FLAIR, and DWI (fig 1) . The ADC was decreased in the striatum and the thalami (table 1) . Thirteen months after onset, the patient was bedridden with progressive occurrence of tremor and mental deterioration. FLAIR and DWI hyperintensities of the basal ganglia and frontal cortex had resolved with shrinkage of the basal ganglia and enlargement of the ventricular system. Pronounced atrophy of the vermis, and to a lesser extent of the cerebellar hemispheres, was observed. On the 21 month follow up MRI, two months before death, the basal ganglia and the entire cerebellum were extremely atrophic, with prominent ventricular enlargement and complete regression of the signal changes initially seen on FLAIR and DWI MRI sequences.
DISCUSSION
Patients with iatrogenic CJD usually follow a different clinical course to sporadic CJD. Cerebellar manifestations are prominent, and the EEG may not present the classic periodic pattern. In hGH 14 and dura-mater CJD, 15 computed tomography and MRI are often unremarkable in the early stages of the disease, showing atrophy only in the final stages. However, the MRI protocol used in these patients did not include FLAIR and DWI sequences. 14 15 Using these MRI sequences, increased signal intensity bilaterally in the striatum was reported recently in two patients with probable CJD following corneal transplant 7 and hGH treatment.
8 Figure 1 Magnetic resonance imaging (MRI) findings in two cases of iatrogenic Creutzfeldt-Jakob disease. (A) In case 1, fluid attenuated inversion recovery (FLAIR) and T2 weighted pulse sequences revealed bilateral and symmetrical hyperintensities in the caudate nucleus and putamen. These signal changes were more obvious on diffusion weighted images (DWI), which also revealed bilateral hyperintensities in the thalami. The apparent diffusion coefficient (ADC) was very much decreased in the caudate nucleus and putamen, and moderately decreased in the thalami. (B) In case 2, eight months after onset, a pronounced signal increase on T2 weighted, FLAIR, and DWI sequences was seen bilaterally and symmetrically in the striatum and thalami, with decreased ADC values. On successive follow up MRIs (13 and 21 months after onset), the basal ganglia and the entire cerebellum (not illustrated) were extremely atrophic, with prominent ventricular enlargement and partial then complete regression of the signal changes initially observed on FLAIR and DWI MRI sequences.
Similarly, we saw pronounced signal changes, most clearly visible with DWI, in the striatum in two iatrogenic CJD patients. In line with reported pathological data in hGH CJD, 14 16 17 these two patients also presented a slight, bilateral, DWI hypersignal in the thalami, a previously unrecognised radiological pattern in hGH CJD. Thalamic signal changes have previously been reported in sporadic and new variant CJD. The subtle changes found here are similar to those seen in sporadic CJD, 18 but differ from the pronounced hyperintensities of the posterior thalami reported in new variant CJD. 3 Serial DWI studies in CJD are of interest in trying to understand the physiopathology of MRI changes in CJD. The restricted diffusion (low ADC values) seen in CJD is thought to result from the presence of numerous vacuoles of variable size with spongiform cellular changes, which would hinder the molecular motion of water. 1 4 19 Accordingly, the low ADC values seen here in the striatum and the thalami of both patients at an early stage of the disease could indicate prominent spongiform changes, which would correspond to previously reported pathological data in hGH CJD. 14 16 The temporal changes in DWI signal described in sporadic CJD are conflicting. Progressive or constant signal changes can be seen, 5 20 whereas, in line with the MRI data reported here, decreased signal changes 5 21 22 have been reported in about half of the patients, 5 late in the course of the disease.
MRI spectroscopy studies have shown decreased NAA values in the brain of both animals 9 and humans with sporadic 10 23 24 or variant 24 25 CJD. Decreased NAA, regarded as a marker of neuronal death, was described in the cortex, 9 the basal ganglia, and the white matter 23 -that is, the areas that most often appeared normal or atrophic on conventional MRI. Recently, decreased NAA was seen in frontal lobes, associated with a pronounced hypersignal on DWI, in a patient with a suspected iatrogenic form of CJD following corneal transplant, a few weeks before death. 7 Interestingly, changes in metabolites detectable by proton MRI spectroscopy are not an early feature in CJD. 7 9 10 23 We found normal NAA/Cr ratios in regions that appeared bright on DWI-the putamina and thalami-suggesting the presence of vacuolised neurones without cell death. In contrast, a decrease in NAA was seen in the atrophic vermis with no DWI/FLAIR signal changes. These radiological data (atrophy and pronounced decrease in the NAA/Cr ratio) are compatible with extensive neuronal death. This highlights the capacity of MRI spectroscopy to reveal metabolic changes in symptomatic brain regions that lack signal changes.
Based on the combined data from the two cases reported here, we speculate that DWI hypersignal with low ADC values and normal NAA/Cr ratios indicates prominent spongiform changes of still viable cells, and that any regression of the DWI signal changes, atrophy, and decreased NAA values that might subsequently occur are related to progressive neuronal death. ) circular regions of interest placed in the head of the right caudate nucleus, and in the right thalamus, putamen, occipital lobe, and vermis. The MRI quantitative diffusion data were compared with normal values obtained from 5 healthy, age matched volunteers using an identical diffusion acquisition and post-processing method. ÀMRI spectroscopic data were compared with spectra obtained from 30 healthy volunteers for the vermis 13 and those of 5 healthy volunteers for the supratentorial spectra (data not shown); values in parenthesis are the mean and SD values for these controls. DWI, diffusion weighted imaging; MRI, magnetic resonance imaging; NA, not available.
